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iery few pupers have been ievoted to the study of secondary emiss;og at
high voltazes. Letely, knowledge of the mechanism of"sggh enission
is becomine very important in physics and electronics. This paper '
iéscribes results of measurements of coefficients of secondary emission’
from seversl metuls at volteses up to 70 Kv., «nd also results of measures

ments of iistribution of secondary emission from tungsten in velocity

uni unerle of departurae.

1. 'ethods of Yeasurements

Fhé ievice u.sed for mezsurements of O is of the type used by Fnrnswdxth\
rtut zomeah:t modified. Its -enersl arrsngement is shown in Fig. 1. The
sin 1ifference in our cuse is the presence of two diaphragms in the anodey
whler Ueoris x Farsday spzce in the front of the mirror made of Qaterial
amiler investiration. [his g,ace allows secondary électrons to leave it

sy thout ovstraction.

I - cathode
II - Faraday cylinder
III emitter of sec,-el,
iv collector

1

Fig; 1
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The device consists of electro gun (1), Parsiav cylinder £) with
diaphfagm and & free movins plate '3) made of the muterial under
inveatigation,-ang a coﬁer with two diaphragms {4) to collect secondery
electrons. A rezuler cathode usei in & normel A-ray fiuce with round
focus was utilized. !easurement shored t et et voltages over Shv.
satisfectory focusin: is ooteined and hardly any of the primery .electrons
reach diaphragm (4).

Diegram of cornections is shown in the Fig., 1. ammeter Aj reads fiull snode
current, Ao Téads secondary anode current. Myirror {3} may ée moved by its

own weight slong cylinder (2). hen it is locuted st the bottom of the

'cylinder no secondery electrons uisy leave the £ylinder (2), whilé Az

&2s wéll es A) reads full =anode current, If the mirror is locuted neer
the front diaphragm of the cylinder then =1l seccndary electrons msy be
caught by the electrode (4). In the meantime, Ao will show secondery

electrcn current, while Aﬁ is the iifference bet.een primary and secondary

currents, Al as before will show full =noie current. .Jifference of resnlin-s of the

\
ammeter Ag at two positions of the mirror (1} -I., indicates i.o ws -nitiie

of the secondary elscirow currents which rives Jdirectlv the value of -he

coefficients; e

i

o

3

The accuracies of the sbove method is sufficiently bih, wkich is verified
by the fact that similar measurements male on .evercl experimentel tuiews

give precisely the same results.

Flze 2

Construction of test tube - RX' g: .
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{0 rewnaure distrihucioﬂAof secondery electrons in angle of departure, &
levice oy constructed s shown in rfis. 2. uere a czthode {1}, consisting
 u 80lit recusines cup witn iucendescent spirsl ax‘theicenter Ofiitﬁ ﬁase,
serves as a source of primury electrons. lhey enter sn hécelerating field
tetaeen the cauthode uni conicul head of znode (2). on reachi:y the velocity p
ietermined oy th anode potential, the electrons o thrgugh a narrow th;oat'in‘the)i
hend (2) and into = sphere (4) bere they strike & mir.or of msterisl under
1nvesti ation, welded to the end of the snode (6). S@cause of the heaé {2) and
the -phere (4), the secondary electrans disperse in the Faradsy space without any
2xt :rnel listurbin- influénce. oohere (4) has a nurrow longitudinal slétvfor
esain.- secondary electrons in the direction of a collector .%). +he surfece
of the latter fecin- sphere {4), is made concentric to this sphere, so that
vtetueen the ‘vo fo-ms & sphericel field. -he collector is made i a form of
1 box, unri o the co'lectin- surfuce it has rn openin- opposite the openin-~

the aphere {(4) o receive the beum of the secondary electrons. *hié was

male to ecliminate the erfect of the emission frou the collector caused by the

rambermiine seconiaries o the uccuruey of the meassurcment.

I Sor rweansdrements of distribution of seconderies with the ansle of depariure,

& must have meuns of meusuri-. econlary emission in various solid angles
oo th -ume uagnitude. ror this purpose, tne cphere (4) has & spherical cap
. © which cun turn on the neck of u weirht (2). <+he cup (8)” possesses C.
openii-cs distriouted in suct & we;, thet when cup turns, one may successively
open various portious o the slot in the sphere (4;, while other portions ofi
the slot wre close.. In this way, while measuring currents to the collecto: by
virious openinss, ore may Jjudge the relative numper of electrons leaving material

ciwar Ancde (o) es well as the cup |10} which Bupporté the
VAT iirections

cellector (L) are coireyines rarrachroniun cones for attaching them to the -luss

Ve .uoel. insile the codlector is pleced o« spirsl {11} for nestiwn: it lupin-

i ’ SS‘?Q-!




'very close to true values. ’ |

* o
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The sphere {4) is made of solid ‘copper zni is &ttwched to the -nole (u)

by means of & ring (o). -he externa. screeniuc cap (8) is ol thin s:eet

nickel, Jince the frictio.. between copper und nickel in vecuum i. touni

to be considerable, the necx of the anode heud carries an irou bushin:
A i
around which turns the cap (8). ihe weizht {3) is nude, foldins to insert it
' / 4
through a nerrow tuve before sealing it. rigure (3} shoas the photosruph of

the tube. (f%, §1 a ?/Zﬁbulﬁz) /

oo {,’ I !
R & B T R B '
HL AT
. /\\'/ a{
Ny :
i 6 A
{
Ul Buwvinnnu g / -
{MOMQ fﬁ-gZd e I S
Fie, ‘; !

The dia ‘ram used in measurements is shown in Fig. 4. :arallel to the iuviece wus
connected a potentiometer havins resistance of 4(CU me -ohms. 1he collector

with an ammeter end slidinez contact mey be co.nected to any part of the potent-

iommeter, which gives it any desired potentisl.. _he magnitude of current

flowing to the collector is nezs¥izible compared to the current flowing

throuzh the potentiometer and its effect o. the potential of the collector

ié negligible.

As usual in measurements at hiyn voltsges, it was neces.ar, 3o teXe special

care in shielding of instruments and take into account leaksages.

For every velue measured, leakaze currents were measured with Lhé slot of oo
thé sphere covered, and the value of leakage'was subtracted from the yalue

read before. ..ith above precautions, the values meussured may be consiiered

Results of Measurements

The measurements were made et anode potentisls from 5 Lv to 75 v. .our

metals were stuiied--tunzsten, coprer, iron anl sarrschromiim. In sz,

S5@ -4
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are shown seversl curves which showed the iependence of (" of these metels

on the velocity of primery electrors.  .%t is seexn thet the preVionn}y known

|
1

dependence, that I incresses with the stomic number, is confirmed.

f1 873

riz. 5 .
.he curves show thut the lar-est ¢ is possessed by tungsten, theh foilows CEE
co-par, iron wul Faurrechromium, the latter two having almost identisal £ , e
Iu tre interval of primary velocities which ve studied( decreases with Lo
: : - . T
frimury velocity increasing. oetween ¢ end 1Uxv, the decresse is rayi;. ' !

w

veen 50 and 70 nv., tus curves show & practicel independence of c~ “from

#

“te 7elonity of the priruries. The miniwal velie of £ for various metals is definite
: _ » . e

ur1 is Loe for t-agaten, 378 for copper and 20» for iron und Parrachromium.

LV 12 interesting

i

S

to note thut measurements on Farrachromium in different =
stures U its oxiiuntiorn showed iess then 65 change.

.y:ce iistribution of seconazry electrons from tungsten was atadiad with

ormal incilence ol the primarv beem st voltages between 30 snd 50 Kv.

"evg .rererts were male every 6 5 begi ning with .an angle with the surface of the

cirrer of 6° Ln} gniin~ at 65° “he limitin- angle at which the instrument

. A
rermittel repsirements (65°) was determined by the constructiom. In Fig. 6 .f*,-

78 AN s SO I

~ N - * 7
tistricrution of secomisries in anzle of departure {in relatiwe units)

witt rrirarv velocities of .0, 40 znd 5Hukv. ,
It eppears that wit

the rrimary velocity incressingz, the number of secondaries,

i

n-le to the surfsce of the mirror is also increasing.
28 ‘

. ’ X
me spuce tis.rii.tion of seconiaries chen-es little in the range of potentials

‘ha snsulsr 1istribution at firo.t spproximation 'is proportionsl to the

S5¥-5
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sine of the angle of departure. Tc demonstrate the =bove effect in Fiz. 6

a circle is drawn tancent to the mirror end passinz throush the interception of

the curvés.

Measurements of vel@city distribution of secondery emission were rede with the

slot in the trode cap open an: st potentials from 20 to 50 :v. In this way

- the distribution of velocities (speed) were stuiiea irrespectively of the

angle of jeparture. . retarding potential was impressed on the collector
with respect tc the snode ana current to the co.lector was measurei. ~fter
-

corrections, the cbsractéristic of t.e colléctor was obtuined, frou which

by numerical differential distribution of velocities was ovtaineds The

‘¢collector characteristics are shown in rig. 7.

% }
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312“8 shows the curve of velocity distribution of fecondary electrons (anode
potential of 40 Kv.) calculated from the collector characteristie. cCurves of
this type haée two maxima; large shérp maximum in the reszion of velocit&

éround 1/5 of ppimary velocities and anothervmaximum ;ot so shkarply pronounced -
in the order of $/10 of the priméry. |

3sing the same arrangement'us with t.e above velocity distribution meaﬁuremcnts,

we studied velocity distribution of _econdary electrous huvfﬁg g definite un-le

of departure., In Fig. ¢ are shown collector charscterictics of electrons

" departing &t S.2, 22.3, 35.1, and 47.9, st wnode potential of 20 Kv. It is

seen that the zenersl characteristic of velocity distribution for various

angles of departure diffsrs considerably.
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Alth the angle of departure increasing, the ghmbgr of electrons having .
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nigh velocitles are sharply increasing. At angles smaller than 100,
the cui'ves snow tnat they are hardly electrons with velocities larger
then SCe the uwrimary. The latter measurements are rather difficult to

‘ verrorm. The currente, resulting in senarsting electrons devartinz in
a emall s8olld angle ana sevarating again only the ones having =

narticular velocity are exceedingly small.

esneclslly accounting r'or all the leakage currents always ocecurring at
nlxzh voltsase measurements, are extremely difricult.

Ccncluslons

1.

Methods of measuremert s descriced above, aospear to be accurate
and relatively simple. ‘ o

¥nen orimary velocit. increases (at votentials higher than 5kKv.)
< gradually aecreases, ieaching a certailn minimal value cnsnsing
very little witn rurther increase of orimary velocities (roughly
at »0 Kkv.) .

o of metals stualed, in 1ts numericsl value is in the same order
as tne atomic welght of the metals.

Space distribution ot secondaries depends on the orimary velocity.
¥nen tne primary veloclty lncreases, the fractlons of secondary
electrone aeparting at larse angle lncreases. o

For tungsten at ovrimary veloclties between 30 and 50 kv the ; ‘
numver of secondaries departing at various angles is avoroximately
oroportional to the sine of the angle of departure with respect

to tne surface. _ ’w_ .

-

Secondary electrons, resulting from bombardment at righ voltagea‘
have wide distrioutlion of velocities: ovetween O and up to
rousnly 90-95% of the orimary velocity. ' \

Curve of. velocity distribution or secondary emission irom

tun<sten has two maxina; one at 9/10 of.velocity of the primaries

and- another at 2/10 of 1it.
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Measurements of such currents
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Velocity distribution of seconderies udeparting at verious angles veries.
For tungsten with increasinz the ancle of departure the number ot hish
veloeity cseconderies is repidly increasing. For smell sngles oI depzrture
there are hardly amy hish velccity secondaries.
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